Abstract. In this paper, an efficient, green and eco-friendly method for synthesis of 3,4-dihydropyrimidin-2(1H)-ones via one-pot multi-component reaction of aldehydes, urea and ethyl acetoacetate is shown at the presence of cuttlebone as an effective, reusable and natural heterogeneous catalyst. The advantages of this method are short reaction times, high yields, simple work-up, and reusable natural catalysts. The structure of cuttlebone was characterized by FT-IR spectrum, scanning electron microscopy (SEM) and energy dispersive spectrometer (SEM-EDS).
Introduction
3, 4-Dihydropyrimidin-2(1H)-ones are an important class of heterocyclic compounds in the area of natural and synthetic organic chemistry. They possess a variety curative and pharmacological applications involving antiviral, antitumor, antibacterial and anti-inflammatory activities [1] [2] [3] . Moreover, these compounds have appeared as potential calcium channel blockers [4] , antihypertensive [5] , α1a-adrenergic antagonists [6] and neuropeptide antagonists [7] .
Multi-component reactions (MCRs) are one-pot reactions in which three or more starting materials reacted to form a product. MCRs display high atom economy and high selectivity [8] [9] [10] . The advantages of these reactions involve: synthetic productivity, simplicity of procedure, decreasing number of isolation and purification steps, save on energy, time and costs and also reduction of waste [11] [12] [13] [14] . The synthesis of 3, 4-dihydropyrimidin-2(1H)-ones (DHPMs) which was initially reported by Pietro Biginelli is one of the excellent MCRs that includes a three-component one-pot reaction of an aldehyde, ethyl acetoacetate and urea in the presence of strong acid [15] . The disadvantages of classical Biginelli reaction include hard reaction conditions, long reaction times and low yields [16] [17] [18] . In recent years, new methods for preparation of DHPMs have been developed to improve and modify this reaction using microwave irradiation [19] , ultrasound irradiation [20] , ionic liquids [21] , Lewis and Bronsted acid such as lanthanide triflate [22] , H 3 BO 3 [23] , VCl 3 [24] , Sr(OTf) 2 [25] , Bi 2 (SO 4 ) 3 [26] , Indium(III) halides [27] , KAl(SO 4 ) 2 ·12H 2 O supported on silica [28] , silicasulfuric acid [23, 29] [37] and so on. However, some of the methods are presented to have one or more drawbacks such the use of expensive reagents, harmful to the environment, strong acidic conditions, long reaction times and low yields. Due to the importance of DHPMs, the introduction of mild and green methods with higher yields are needed.
Green chemistry is the model of chemical products and processes that reduce or eliminate the use or generation of hazardous substance. Nowadays the development of eco-friendly and economical processes is a challenge for chemists. Replacement of toxic, polluting and non-recyclable catalysts with eco-friendly reusable solid, heterogeneous catalysts are an area of current interest [38] .
According to the above points, in this research, we want to report a convenient and green method for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones via the one-pot multi-component reaction of aldehydes with ethyl acetoacetate and urea at the presence of cuttlebone as an eco-friendly, recyclable and heterogeneous natural catalyst under solvent-free conditions (Scheme 1).
Results and Discussion
In this paper, we describe a simple and efficient protocol for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones via one-pot multi-component condensation of aldehydes, ethyl acetoacetate and urea using cuttlebone as a novel, reusable and eco-friendly heterogeneous natural catalyst.
Characterization of cuttlebone
Cuttlebone is the calcic internal shell of a cuttlefish. The cuttlebone is a class of ultra-lightweight cellular natural material that possess unique chemical, mechanical and structural properties such as high rigidity, high porosity and high penetrance. The dorsal shield and the lamellar matrix are two main components of cuttlebone [39] . The dorsal shield has a hard and stiff structure that provides a rigid stratum for protection of the structure and the development of the lamellar matrix of cuttlebone [40, 41] . The lamellar matrix of cuttlebone has the highest degree of porosity (up to 90%), but also can tolerate high hydrostatic pressure. The lamellar matrix consists primarily of aragonite (a crystallized form of calcium carbonate, CaCO 3 ), covered in a layer of organic material [40] [41] [42] composed of β-chitin [43] . Cuttlebone that is also known as a cuttlefish bone (Sepia esculenta) [44] [45] [46] [47] is commonly found on saltwater beaches like the Persian Gulf in Iran.
The FT-IR spectrum of powdered cuttlebone is shown in Fig. 1 . The absorption bands of planar CO 3 -2 ion (aragonite) are observed at 1082, 857, 1478 and 700 cm -1 . Also, the board bands at about 3500-3300 cm -1 are attributed to the OH and NH stretching vibrations of β-chitin segment of cuttlebone, respectively. In fact, the hydrogen bonding network of β-chitin of cuttlebone cause to broadening absorption bands of OH and NH groups. The absorption bands of symmetric stretching of CH, CH 3 
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Scanning electronic microscopy (SEM) of powdered cuttlebone shows an amorphous morphology with a 185-321 nm particle size (Fig. 2 ).
Fig . 3 shows the energy dispersive spectrum (EDS) of powdered cuttlebone. According to this spectrum, the cuttlebone structure consists of Ca, C and O elements.
In order to find the best reaction conditions, the one-pot three-component reaction of benzaldehyde, ethyl acetoacetate and urea was chosen as a model reaction (Scheme 2).
At first the model reaction was studied at the presence of 0.1 gr of some natural catalysts such as cuttlebone, calcined eggshell (CES) and natural zeolite under solvent-free conditions at 100 °C ( Table 1 , entries 1-3). As Table 1 (entry 1) shows the use of cuttlebone is more efficient for the model reaction. Then, the different amounts of cuttlebone was tested on the model reaction (Table 1 , entries 1 and 4-5). According to the results, increasing the amount of catalyst has no effect on yield of product, while a decrease of the amount of the catalyst cause
Scheme 2. The one-pot three-component reaction of benzaldehyde, ethyl acetoacetate and urea under different conditions. of decreasing desired product (1a). After that, the model reaction was carried out under different temperature at the presence of 0.08 gr of catalyst (Table 1 , entries 4, 6-7). The results showed that the reducing the temperature to 90 °C had no effect on yield and reaction time. Applying 1: 1: 1.2 molar ratio of benzaldehyde: ethyl acetoacetate: urea at the presence of 0.08 gr of catalyst under solvent-free conditions had no effect on yield and reaction time (Table 1 , entries 6 and 8). Finally, to investigate the effect of solvent, the model reaction was performed in presence and absence of solvent (Table 1 , entries 6 and 9-11). The best results were obtained with 0.08 gr of cuttlebone under solvent-free conditions at 90 °C (Table 1 , entry 6).
To indicate the scope and the generality of the method, ethyl acetoacetate was reacted with aromatic, heteroaromatic and aliphatic aldehydes with a wide range of functional groups and urea under an optimized reaction conditions to giving 3, 4-dihydropyrimidin-2(1H)-ones with good to high yields (75-95%). The results are presented in Table 2 .
Aromatic aldehydes with unsubstituted/substituted electron-donating and electron-withdrawing groups such as -OH, -CH 3 , -OCH 3 , -Cl, -Br, -F, -NO 2 gave excellent yields of corresponding products (Table 3 , entries 1-8). Furthermore, α, β-unsaturated aldehydes and heteroaromatic aldehydes also afforded good yields (Table 3 , entries 9 and 10). Interestingly, aliphatic aldehydes also gave desired products in good yields. (Table 3 , entries 11 and 12).
To check the recyclability of catalyst, after completion of the reaction of benzaldehyde, ethyl acetoacetate with urea, the catalyst was separated from the reaction mixture, washed with ethanol and distilled water several times to remove the organic products, and dried. The heterogeneous catalyst was used for 3 successive times in the new experiments obtaining good yields (Fig. 4) .
Conclusion
We have developed a novel and green protocol for the synthesis of 3, 4-dihydropyrimidin-2(1H)-ones via one-pot multi-component reaction. Generality, efficiency, simple work-up procedure and purification, recyclability of the catalyst, short reaction times, high yields, low cost and finally conformity with the green chemistry principles are the advantages of this protocol.
Experimental
The chemicals were purchased from Merck. Melting points of products were determined with an Electrothermal Type 9100 melting point apparatus. The FT-IR spectra were recorded on an Avatar 370 FT-IR Thermo Nicole spectrometer. The NMR spectra were determined on a Bruker Avance 300 MHz instrument in DMSO-d 6 . Elemental analyses were performed using an Elementar, Vario EL III and Thermofinnigan Flash EA 1112 Series instrument. All the reactions were monitored by thin layer chromatography (TLC); the spots were visualized with UV light. Scanning electron microscopy (SEM) and energy dispersive spectrometry (SEM-EDS) were performed on a KYKY-EM3200 operated at a 30 KV accelerating. All of the products were known compound and characterized by the FT-IR spectroscopy. The structure of products was further confirmed by 1 H NMR and 13 C NMR spectroscopy. Cuttlebone, that is also known as cuttlefish bone (Sepia esculenta) [44] [45] [46] [47] is commonly found on saltwater beaches like the Persian Gulf in Iran.
Pre-preparation of cuttlebone
In order to the use of cuttlebone in reaction, at first the catalyst was powdered, then washed with distilled water to remove pollution on the surface of cuttlebone and finally dried at 100 °C for 2 h [48] .
Typical procedure for the preparation of 5-(ethoxycarbonyl)-6-methyl-4-phenyl-3, 4-dihydropyrimidin-2(1H)-one (1a).
A mixture of benzaldehyde (1 mmo1, 0.106 gr), ethyl acetoacetate (1 mmol, 0.147 gr), urea (1 mmol, 0.060 gr) and cuttlebone (0.08 gr) was heated at 90 °C in an oil bath for 10 min. After completion of the reaction as monitored by TLC, the reaction mixture was cooled to room temperature, diluted with ethanol (10 mL) and filtered to recover the catalyst. The organic layer was separated and concentrated under reduced pressure. The crude product was recrystallized from ethanol to afford 0.241 gr 1a (92%). )-6-methyl-4-(4-nitrophenyl)-3,4-dihydropyrimidin-2(1H)-one (1h) 
5-(Ethoxycarbonyl)-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one (1a
5-(Ethoxycarbonyl6-methyl)-4-(4-hydroxyphenyl)-3,4-dihydropyrimidin-2(1H)-one (1b
5-(Ethoxycarbonyl)-6-methyl-4-(4-methylphenyl)-3,4-dihydropyrimidin-2(1H)-one (1c
5-(Ethoxycarbonyl)-6-methyl-4-(3-metoxyphenyl)-3,4-dihydropyrimidin-2(1H)-one (1d
5-(Ethoxycarbonyl)-4-(3-bromophenyl)-6-methyl-3,4-dihydropyrimidin--2(1H)-one (1f
5-(Ethoxycarbonyl)-4-(4-fluorophenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one (1g
5-(Ethoxycarbonyl
